(19) 



J 



Europilsch^^tentamt 
European Patent Office 
Office europeen dee brevete 



(12) 



(43) Date ol publication: 

20.09.2000 Bulletin 2000/38 



01) EP 1 037 410 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H04B 10/08 



(21) Application number: 00300488.7 

(22) Date of filing: 24.01.2000 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY OE DK ES Fl FR QB OR IE IT LI LU 


• Eslamboichl, Hoseeln 


MC NL PT SE 


Basking Ridge, New Jersey 07920 (US) 


. Designated Extension States: 


• Huffman, John Sinclair 


AL LT LV MK RO SI 


Conyers, Georgia 30094 (US) 


(30) Priority: 17.03.1999 US 271305 


(74) Representative: Asqulth, Julian Peter et al 


(71) Applicant: AT&T Corp. 


Marks & Clerk, 


4220 Naeh Court, 


New York, NY 10013-2412 (US) 


Oxford Business Park South 




Oxford OX4 2RU (QB) 



(54) Method and apparatus for determining the optical distance of a threat on an optical fiber 



(57) The optical distance along a burled optical fiber 
(12) Irom a particular location (1 3) therealong to a cen- 
tral facility (10) is measured by first applying an inten- 
tional stress to the fiber in the form ol a vibration signal 
(35) transmitted into the ground. A timing signal (36) Is 
transmitted to the central facility (10) in synchronism 
with the application of the stress. Using the timing signal 



as a relerence, the central facility can determine the time 
difference between when the stress was applied, and 
when the central facility detected the stress. From the 
time difference, and a knowledge of the propagation rate 
of the timing signal, the central facility can establish the 
optical distance to the particular location at which the 
stress was applied. 
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Technical Field 

[0001] This invention relates to a technique measur- 
ing the distance of a threat along a fiber from a central 
facility. 

Background Art 

[0002] Most telecommunications carriers employ op- 
tical fibers 'm place of copper wires to carry telecommu- 
nications traffic. As compared to copper wires, optical 
fibers offer several advantages. Optical fibers possess 
much greater bandwidth in contrast to copper wires. 
Thus, a single optical fiber can carry many more voice 
conversations than a copper wire pair. Additionally, op- 
tical fibers are immune to electrical interference. Cross 
talk between two adjacent optical fibers within an optical 
fiber cable is non-existent, whereas cross-talk between 
adjacent copper wires with the same cable can and does 
occur, resulting in signal deterioration. 
[0003] For cosmetic reasons, as well as to provide 
protection against the elements, telecommunications 
carriers typically bury underground the optical fiber ca- 
bles employed to carry long haul traffic. Unfortunately, 
burial does not render such optical fiber cables com- 
pletely Invulnerable to damage. Occasionally, a contrac- 
tor excavating along an optical fiber cable right-of-way 
will inadvertently sever the cable. Since most fiber optic 
cables carry large volumes of telecommunications traf- 
fic, a severed optical fiber cable creates a major service 
disruption. For that reason, telecommunications carriers 
take great care to monitor their fiber optic cables to de- 
tect potential harm in an effort to avoid cable damage. 
[0004] Various techniques exist for monitoring buried 
fiber optic cables. Once such technique is disclosed in 
U.S. Patent 4,904,050. issued on February 27, 1990, in 
the names of Lawrence Dunnet al. (herein incorporated 
by reference). The Dunn et al. "050 patent discloses the 
desirability of detecting intrusion on an optical fiber by 
an interferometric arrangement, whereby a pair of opti- 
cal signal sub-signals, derived by splitting a single opti- 
cal signal, are injected into opposite ends of the fiber via 
a coupler. In this way, each optical sub-signal injected 
into a fiber end emanates from the opposite fiber end. 
The optical sub-signals emanating from the fiber ends 
are recombined at the splitter lor input to a detector that 
measures the phase difference between the signals as 
a detectable pattern. If an intrusion has occurred, the • 
pattern detected by the detector will differ from the pat- 
tern detected under quiescent conditions (no intrusion). 
[0005] U.S. Patent 5,778,114, issued on Jury 7, 1998. 
in the names of Hossein Eslambolchi and John Huff- 
man, and assigned to AT&T, (incorporated by reference i 
herein) describes and claims an fiber intrusion detection 
system that includes an optical splitter for splitting an 
optical signal into sub-signals for injection into opposite 



ends of fiber. The signals emanating from the opposite 
fiber ends are recombined at the splitter for receipt at a 
detector that measures the phase difference between 
the optical sub-signals. A processor compares the 
phase difference measured by the detector to phase dif- 
ference measurements associated with different types 
of threats. By matching the actual phase difference to 
the phase difference measurement associated with a 
particular type of intrusion, the processor can thus iden- 

1 tify the nature of the Intrusion. 
[0006] Neither the Dunn el al. '050 patent, nor the Es- 
lambolchi et al. '114 patent provide any mechanism for 
determining the optical distance of the intrusion atong 
the fiber from a central facility. Traditionally, the optical 

; distance ol an intrusion along the fiber is measured by 
the use of an Optical Time Domain Reflectometer (OT- 
DFt) that injBCts an optical signal into one end of a fiber 
in the cable for propagation thereabng. The 6ignal in- 
jected into the fiber will reflect back from a fault, such 

' as a break In the fiber. By measuring the difference be- 
tween transmission of the forward signal, and receipt of 
the reflected signal, of reflection, the OTDR can deter- 
mine the optical distance to the fault. The optical dis- 
tance to the fault often does not correspond to the 
sheath (route) distance along the cable because the ca- 
ble typically contains loops at different spice points, 
thus making the optical distance longer. For that reason, 
a technician must rely on a cable installation drawing to 
correlate the measured optical fault distance to the 
sheath distance. Often, cable installation drawings may 
not accurately reflect loop lengths, thus yielding an in- 
accurate measure of the optical fault distance. 
[0007] Thus, there is a need for a technique for ob- 
taining a more accurate optical fault distance 

Brief Summary of thB Invention 

[0008] Briefly, the present invention provides a tech- 
nique for measuring the optical distance along a fiber 
between an intentional intrusion and a central facility. In 
accordance with the invention, the optical distance is 
measured by subjecting the fiber to an intentional intru- 
sion in the form of a known vibration signal. At the same 
time, a timing signal of known periodicity is transmitted 
in synchronism with the intrusion signal to the central 
facility. The central facility detects the intentional intru- 
sion, typically by sensing the difference in phase be- 
tween two optical sub-signals injected into opposite 
ends of the fiber. Using the timing signal transmitted in 
synchronism with the application of the stress, the cen- 
tral facility can determine the time difference between 
application of the intrusion, and its detection. From a 
knowledge of the signal propagation rate along the fiber, 
the central facility can readily determine the optical dis- 
tance along the fiber between the point at which the 
stress is applied and the central facility and can com- 
municate this information to a technician in the field, fa- 
cilitating more rapid and more accurate detection of 




faults. 

Brief Description of lha Drawing 

[0009] FIGURE 1 shows an apparatus, in accordance 
with the invention, determining the optical distance 
along a buried optical fiber. 

Detailed Description 

[0010] FIG. 1 depicts a Fiber Analysis System (FAS) 
10 of the type disclosed U.S. Patent 5,778,114 (incor- 
porated by relerence herein) for determining, in accord- 
ance with the method of the invention, the optical dis- 
tance along a buried optical fiber 12 between the FAS 
10 and a location 13 at which the fiber is Intentionally 
stressed. While the fiber 12, which typically comprises 
part of a cable, is shown as a single integral member, 
the optical fiber could comprise a plurality of fiber pieces 
joined by one or more connectors (not shown). The FAS 
10 includes a splitter 14 having four ports 16,-164. 
Gould, Inc. among others manufactures such tour-port 
splitters. A source of light 18 having a high degree of 
coherence, such as a laser, produces a relatively narrow 
beam of light 20 for receipt at the splitter port 1 6, . Upon 
receipt of the beam 20 at its port 1 6„ the splitter 1 4 spirts 
the beam, yielding two optical sub-signals at the splitter 
ports 163 and 16 3 . The sub-signals are injected into to 
opposite ends of the fiber 12 and traverse the fiber in 
opposite directions. Each optical sub-signal exits the fib- 
er 12 from the end opposite the end into which the sub- 
signal was injected. 

[0011] The optical sub-signats exiting the fiber 12 
ends re-enter the splitter ports 1 63 and 1 63, respectively, 
for re-combination by the 6plitter 14 into a single beam 
22 that exits the splitter port 16 4 for receipt at a detector 
24. The detector 24 detects characteristics of the beam, 
and particularly, the interference between the two opti- 
cal sub-signals recombined at the splitter 14. If the two 
optical sub-signals destructively interfere, then power of 
the beam detected by the detector 24 is low, whereas if 
the optical sub-signals constructively interfere, the pow- 
er produced by the beam is high. 
[0012] Under quiescent conditions, that is, with no 
stresses on the fiber 1 2, the optical sub-signals traveling 
in opposite directions in the fiber are 180" out-ol -phase 
and cancel each other. However, when the fiber is 
stressed because of vibration, the sub-signals are not 
completely out of phase and do not cancel each other. 
Thus, the output signal of the detector 24 will change in 
response to stress on the fiber, varying the split provided 
by the splitter 14 may control the magnitude of the de- 
tected phase difference. A 50-50 split provides the 
greatest sensitivity. However, other percentages maybe 
desired where noise is a factor. 
[0013] As taught in the aforementioned "114 patent, 
the particular stresses on the fiber are characterized by 
a processor 26 in the form of a computer or the like which 
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controls the light source 18 to generate a continuous 
beam, a random pattern of light, or a pulsed beam rep- 
resentative ot a string of binary values representing a 
digital word. The processor 28 is responsive to the oui- 
5 put signal of (he detector 24 and serves to compare the 
re-combined beam characteristics detected by the de- 
tector to plurality of reference values stored in a data 
base 28, typically comprised of a magnetic storage me- 
dium, such as a disk drive. For purposes of illustration, 
10 the database 28 has been depicted in FIG. 1 as an ele- 
ment distinct from the processor 26. In reality, the data- 
base 26 may reside on a disk drive within the processor 
itself. Alternatively, the data base 28 could reside on a 
file server (not shown) connected to the processor. 
'5 [0014] The processor 26 communicates through a 
modem 30, which although depicted as an external el- 
ement, could be situated physically within theprocessor. 
The modem 30 is of a well-known design for intercon- 
nection with a transceiver (T/R) 32, which typically, al- 
so though not necessarily comprises a wireless telephone, 
served by a wireless communications carrier, such as 
AT&T Wireless Communications. 
{001 5] In accordance with the invention, a technician 
seeking to establish the optical distance along the fiber 
25 1 2 from the FAS 1 0 does so by intentionally applying a 
stress to the fiber via a transmitter 34 that transmits a 
6ignal 35 of 200 Hz-1 0.000 Hz into the ground to stress 
the fiber. In practice, the transmitter 34 may comprise 
part of a conventional cable-locating device, as are well 
30 known in the art. The signal 35 transmitted by the trans- 
mitter stresses the fiber 12, causing the FAS lOtodetect 
an intrusion to the fiber fn the manner discussed above. 
[001 6] To establish the oplical distance to the FAS 1 0 
from the location 13 of the intrusion, the technician 
35 transmits to the FAS 10a periodic timing signal 36 via 
a transceiver 38, typically a wireless telephone that 
communicates with the wireless transceiver 32 coupled 
through the modem 30 to the processor 26. The timing 
signal 36 has a periodicity known, or at least communi- 
«c cated to the processor 26 of the FAS 1 0 so that the proc- 
essor knows the time intervals between the peaks of the 
timing signal. The transmitter 38 enjoys a connection to 
the transmitter 34 to enable the transmitter 38 to gener- 
ate the timing signal 36 in synchronism with the intrusion 
<5 signal 35. In this way, the processor 26 of the FAS 10 
can utilize the timing signal to determine the time differ- 
ence bBtween application of the intrusion signal 35 and 
detection ol the intrusion on the fiber 12. The rate at 
which the timing signal 36 propagates is known, or al- 
so ternatrvely, can be easily measured to determine any 
delays associated with transmission of the timing from 
the transceiver 38 and its receipt by the transceiver 32. 
[0017] By measuring the time difference between ap- 
plication of the intrusion signal 35 and detection of the 
55 intrusion, and by knowing the propagation rate of the 
timing signal 36, the processor 26 can determine the op- 
tical distance from the FAS 10 to the intrusion location 
1 3 from the product of the propagation rate and the time 
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difference. After calculating the optical distance, the 
processor 26 typically communicates the information to 
the technician at the intrusion location 1 3 via the wire- 
less transceiver 38. 

[0018] The above-described method of establishing 5 
the optical distance from FAS 10tothe intrusion location 
1 3 eliminates the need for a technician to possess a ca- 2. 
ble installation drawing. Moreover, the method of the in- 
vention allows for more rapid fault detection. As dis- 
cussed above, the optical distance from a fault, 6uch as "> 
a break in the fiber 1 2. and central facility, such as the 3: 
location of the FAS 10, is readily measurable using an 
Optical Time Domain Reflectometer (not shown). How- 
ever, since the fiber 12 may include various buried 
loops, a technician can not readily correlate the optical is 
distance to a sheath (route) distance. However, using 4. 
the method of the invention, a technician can readily es- 
tablish the optical distance between the intrusion loca- 
tion 1 3 and the central facility (FAS 1 0). From knowledge 5. 
of the optical distance between to the centraf facility and *> 
the intrusion location 13, and from the measurement of 
the optical distance from the cenlral facility to the fault 
location as provided by an OTDR. the technician can 
readily determine the distance between the Intrusion lo- 
cation and the fault location, and undertake the neces- 
sary repairs. 

[0019] In addition, the intrusion detection technique 
of the aforementioned '114 patent, as well as the optical 
distance measurement technique of the invention, col- 
lectively afford the advantage of obviating the need to *o 
apply any type of cable locating tone to the sheath of 
the cable 12. While applying such a tone enables effi- 
cient cable location by electromagnetic techniques, the 
presence of the tone does cause electrolysis, and 
sheath degradation. The optical distance measurement 35 
technique ol the invention requires no such locating 6. 
tone. 

[0020] The above-described embodiments merely il- 
lustrate the principles of the invention. Those skilled in 
the art may make various modifications and changes *o 7. 
that will embody the principles of the invention and fall 
within the spirit and scope thereof. 
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1 . A method for determining the optical distance along 
a buried optical fiber from a particular location to a 
central facility, comprising the steps of: 

so 

intentionally applying a stress to the fiber at 
said particular location; 

transmitting to thB central facility a timing signal 
of known periodicity in synchronism with the ap- 
plication of the intentional stress; 55 
detecting at the central facility the stress on the 
Tiber; 

establishing, from the timing signal a time dif- 



• 

ference between application of the stress and 
its detection at the central facility; and 
determining the optical distance from the par- 
ticular location to the cenlral facility in accord- 
ance with the time difference. 

The method according to claim 1 wherein the fiber 
is intentionally stressed by applying a vibration 
thereto. 

The method according to claim 2 wherein the vibra- 
tion is applied to the fiber by transmitting a signal of 
within a prescribed frequency range into the 
ground. 

The method according to claim 3 wherein the pre- 
scribed frequency range is 200 Hz to 10,000 HZ. 

The method according to claim 1 wherein the step 
of detecting the intentionally applied stress com- 
prises the steps of: 

splitting an optical beam into a pair of sub-sig- 
nals; 

injecting the sub-signals into opposite ends of 
the fiber so that each sub-signal exits the fiber 
from an end opposite to which the sub-signal 
was injected; 

recombining the sub-signals into a single 
beam; and 

measuring beam power to determine a phase 
difference between the sub-signals which var- 
ies in accordance with the stress applied to the 
fiber. 

The method according to claim 1 wherein the peri- 
odic timing signal is transmitted to the central facility 
via a wireless transceiver. 

The method according to claim 1 including the step 
of transmitting to the particular location an Indica- 
tion of the optical distance between the particular 
location and the central facility. 

A method for determining the location of a fault on 
a buried optical fiber, comprising the steps ol: 

establishing an optical measure of the distance 
of the fault from a central facility; 
intentionally applying a stress to the fiber at a 
particular location; 

transmitting to the central facility a timing signal 
of known periodicity in synchronism with the ap- 
plication of the intentional stress; 
detecting at the cenlral facility the stress on the 
fiber 

establishing, from the timing signal a time dif- 
ference between application of the stress and 
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its detection at the central facility; 
determining the optical distance from the par- 
ticular location to the central facility in accord- 
ance with the time difference; and 
establishing the location of the fault in accord- 
ance with the difference between the distance 
of the fault and the central location and the dis- 
tance from the particular location and the cen- 
tral facility. 

9. The method according to claim 8 wherein the fiber 
is intentionally stressed by applying a vibration 
thereto. 

10. The method according to claim 9 wherein the vibra- 
tion is applied to the fiber by transmitting a signal of 
within a prescribed frequency range into the 
ground. 

11. The method according to claim 10 wherein the pre- 
scribed frequency range is 200 Hz to 10,000 HZ. 

12. The method according to claim 8 wherein the step 
of detecting the intentionally applied stress com- 
prises the steps of: 

splitting an optical beam into a pair of sub-sig- 

injecting the sub-signals into opposite ends of 
the fiber so that each sub-signal exits the fiber 
from an end opposite to which the sub-signal 
was injected; 

recombining the sub-signals into a single 
beam; and 

measuring beam power to determine a phase 
difference between the sub-signals which var- 
ies in accordance with the stress applied to the 
fiber. 



detecting means at the central facility the stress 
on the fiber; and 

processing means for establishing Irom the tim- 
ing signal a time difference between application 
of the stress and its detection at the central fa- 
cility and for determining the optical distance 
from the particular location to the central facility 
in accordance with the time difference. 

16. The apparatus according to claim 15 wherein the 



a source of coherent light; 

a splitter for splitting an optical beam into a pair 

is of sub-signals lor injection into opposite ends 

of the fiber so that each sub-signal exits the fib- 
er from an end opposite to which the sub-signal 
was injected and for recombining the sub-sig- 
nals into a single beam; and 

20 means tor measuring beam power to determine 

a phase difference between the sub-signals 
which varies in accordance with the stress ap- 
plied to the fiber. 

& 17. The apparatus according to claim 15 wherein the 
means for intentionally stressing the fiber compris- 
es a signal generator for transmitting a vibration sig- 
nal into the ground. 

» 18. The apparatus according to claim 15 wherein the 
means for transmitting the timing signal includes a 
wireless transceiver. 



13. The method according to claim 8 wherein the peri- 
odic timing signal is transmitted to the central facility 
via a wireless transceiver. 



14. The method according to claim 8 including the step 

of transmitting to the particular location an indica- <5 
ton of the optical distance between the particular 
location and the central facility. 

15. Apparatus for determining the optical distance 
along a buried optical fiber from a particular location so 
to a central facility, comprising the steps of: 

means intentionally applying a stress to the fib- 
er at said particular location; 
means for transmitting to the central facility a « 
timing signal of known periodicity in synchro- 
nism with the application o) the intentional 
stress; 



